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COMPLETE SPECIFICATION 
Improvements relating to Electrodiaiytic Cells 



We, The Pexmutzt Company Limited, a 
British Company, of Pcrmiitit House> Gunners- 
bury Avenue, London, WA> do hereby declare 
die invention, for which we pray that a patent 
mav be granted to us, and the method by which 
It is to be performed, to be particularly 
described in and by the following state- 
ment: — 

It is known to remove dissolved salts from 
liquids by passing the liquid in question 
through every alternate: compartment^ of a 
muM-compartment electrodiaiytic cell in which 
the compartments are' separated from one 
another by ion-selective membranes. 

Processes of this kind are very suitable for 
the demmerahwtion of water by the passage 
of the water through compartments each 
bounded on one side by a cadon-selectfve 
mem b ran e and on other side by an anion- 
selective membrane, while a,second electrolyte 
(usually also water) flows through the remain- 
ing compartments to receive the ions trans- 
ported through the membranes by the electric 
current flowing through die cell When the 
total amount of dissolved solids in the water 
under treatment falls to about 500 ppm or is 
no more than this initially, it is necessary to 
apply so high a voltage to the cell that the 
process ceases to be economic. 

It is also,, known to fH the compartments 
with granular ion-exchange material. The 
reason for doing this is to increase the elec- 
trical conductivity in the compartments and so 
to reduce die overall electrical resistance when 
the concentration of ionised dissolved solids 
in the liquid is low. Consequently water con- 
taming less than 500 ppm total dissolved 
solids can be economically treated 

The granular ion-exebange materials most 
widely used at the present time are resin beads 
of from 0J5 to 1 mm in diameter. Now the 
use of granules such as resin beads has several 
disadvantages. First, it is difficult to 

[Price 3s.6d.} 



that (hey are initially distributed evenly within 
a compartment and that the several compart- 
ments through which the liquid to be treated 
usually flows in parallel streams are evenly 
packed. If one compartment contain* more 
grannies than another, less liquid wfll flow 
through it than through the other. Next it 
is difficult to keep the granules in place in a 
compartment. At the best the packed mass of 
granules becomes displaced by the liquid, wkh 
the result that channelling with its attendant 
drawbacks occurs. It may even happen that 
some of the granules are swept out of the 
compartment to lodge in and dog the passage 
through which the liquid flows after leaving 
the compartment. 

Again, the assembly of a cell containing 
granules is very tedious and it is difficult to 
prevent the granules from lodging between 
the surfaces which should mate to seal each 
compartment from the next. Further, where 
the packed mass cf granules touches the mem- 
tone faces the geometry of the mass is 
different from that in the remainder of the 
mass, and more liquid tends to flow along the 
walls than through the bulk of the mass. 
This uneven flow is undesirable. Finally, if 
the compartments are packed with granules 
the total resistance to die flow of the liquid 
is increased and the cost of pumping the 
liquid through the cell is high. 

According to this invention we use not 
beads but sheets of material having ion- 
exchange properties which may be pieces of 
ion-selective membrane. The sheets may be 

rt in all the compartments but in general 
is en ough to out them in those compart- 
ments through which the liquid under treat- 
ment flows and in which the electrolyte con- 
centration |s or becomes low. 

The sheets may all have ion-exchange pro- 
perties of only one kind, but if it is desired 
to have both cation-exchange and anion- 
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exchange material in a single compartment, 
sheets of both kinds of material may be pat 
in the compartment or the sheets used may 
orwtimi both cation-exchange and ankm- 

5 exchange groups. 

The sheets may advantageously be of sod- 
gttmtfafly die same length and width as the 
membrane faces within the compartments. As 
is the case with beads, the sheets must allow 

10 liq u i d to flow through the compartments. To 
this end they may be flat and perforated, corru- 
gated with or without perforations, or em- 
bossed with a pattern; they may be of gauze 
or woven fabric, or they may be formed of 

15 granules lightly cemented together, so as to 
be liquid-permeable. Alternatively the sheets 
maybe smaller than the compartment, for 
example they may be pieces cut from larger 
sheets* Such cut pieces may be of any shape, 

20 rfrW regular or irregular. 

la any case the sheets are parallel or snb- 
• stantially parallel to the membrane faces, 
since a compartment is normally very narrow 
and. a sheet can be inserted in it with die 

25 major faces of the sheet parallel to the mem- 
brane faces. Various arrangements can be 
used to give the required flow. For example, 
the sheets may be corrugated with the corru- 
gations parallel to the direction of flow or 

30 may be corrugated and perforated with the 
corrugations lying at any angle, or be fiat and 
perforated in such a way that the perforations 
m one sheet are staggered relative to those 
in the next sheet. . 

35 The sheets may consist of pieces of gauze 
or woven fabric carrying ion-exchange groups. 
For instance, they may be cotton fabric or 
gauze chemically treated (and so- rendered more 
' or less rigid) to introduce ion-exchange groups. 

40 Again, they may be pieces of a gauze of a 
resin polymer, eg. polyvinyl chloricle, the 
' strands of the gauze being coated with an 
" ion-exchange resin or with particles of such 
a resin embedded in a matrix. Such sheets . 

45 are naturally perforated and It is su ffic ie nt 
to put them, in face contact with one another 
in the compartment until this is full of the 
- perforated sheets. If the weave is very dose, 
ft may- be necessary to make perforations in 

50 a fabric Similarly, if a coating on a gauze 
blocks die interstices, perforations may be 
made in the gauze. 

Yet again, the sheets may be embossed so 
as to resemble parallel rods joined to one 

55 another by thinner webs. 

The dimensions of a typical conmartment 
in a small cell may be 12 inches X 12 inches X 
50 thousandths of an inch. .Such a compart- 
ment may contain no more than two sheets 

60 if these are perforated sheets each 12 inches 
square and 25 thousandths of an inch thick; 

i ' such sheets' may both be perforated, with holes, 



say, i inch dinitMtier in a dose regular patt e rn 
but offset from one another in the two sheets. 
One such piece may have cation-exchange pro* 65 
perries and the other amanrexchange pro- 
perties. 

Again pieces in the form of discs cut from 
a large sheet may be & inch in diameter and 
25 thousandths of an inch thick, and may be 70 
arranged either so that the one layer is all 
of the one type and the other layer all of the 
other type or each type may appear in both 
layers* 

men fabric or gauze is used it may be, 75 
say, 5 thousandths of an Inch thick, layers 
being laid in face contact with one another 
to fill the cornpartmeat. The layers may alter- 
nate in their ion-exchange properties, 

WHAT WE CLAIM IS: — 80 

1. A mnhi-afflmartment electraiiaryuc cell 
in which the compartments ate separated from 
one another by ion-selective membranes, and 
materid havmgicorex^ 

vided in some or all of the compartments to 85 
increase the electrical conductivity therein 
while allowing MquM to flow through the 
compartments, in which the flt a t er l al is in 
sheet form. _ 

2. A cell according to Claim 1 in which 90 
die sheets are of substantially the same length 
and width as die membrane faces within the 
conf ip y^trnents. 

3. A cell according to Claim 1 or Claim 2 

in which the compartments contain at least 95 
one sheet with cation-exchange properties and 
another with anton-exchange properties. 

4. A cell according to any one of the pre- 
ceding daims hi which the sheets axe 
perforated- 100 

5. A cell according to any one of the pre- 
ceding daims in which the sheets are 



6. A cell according to any one of the pre- 
ceding claims m which the sheets are of fabric 103 
or gauze carrying ion-exchange groups. 

7. A process for the demmeralisation of 
water by passage of water through alternate 
cc^npartments bounded on one side by a 
cation-selective membrane and on the other 110 
side by an ardon-selecrrve membrane in a 
muH-compartment dectrodialytic cell while a 
second electrolyte Hows through the remaining 
conmartments, the compartments through 
whkh the water to be derrnnerah'sed flows con- 115 
taming ion-exchange material to increase the 
electrical omductivity therein while allowing 

the water to flow through the compartments, 
in which the material is in sheet form. 

For the Apphcan ts: 
GILL, JENOSHNGS & EVERY, 
Chartered' Patent Agents, 
51—52, Chancery Lane, London, W.C2. 
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PROVISIONAL SPECIFICATION 
Improvements relating to ElectrocKalytic Processes 



We, Thb Pbrmptt t Cpmp aky Limited, a 
British Company, of Peiuiutk House, Gumier&- 
* bury Avenue, London, W.4> do hereby declare 
tMs inventioa to be described in the following 
S statement:— 

It is known to remove dissolved salts from 
liquids by passing die liquid fa question 
through every alterna te comjpflr t nn ^*ii ' of a 
rcuM<ornpai! merit dectrodialytic cell in which 
10 the coy^pflrtmifflty ate separated from one 
another by ion-BelecnVe membranes* 

Processes of this kind ace very suitable for 
the deuuneralistttinn of water, but when, the 
total amount of dissolved soHds falls to about 
IS 500 ppm. or is no more than this initially, 
it is necessary to apply so high a voltage 
to the cell that the process ceases to be 

It is also known to hH the compartments 

20 w&h granular kn-exebange material Hie 
advantage of doing this is that the overall 
electrical resistance is reduced when the con- 
centration of ionised dissolved solids in the 
liquid is low* and consequently water con- 

25 taming less than 500 ppm. total dissolved 
solids can be economically treated. 

The granular ion-exchange materials most 
widely used at die present time are resin 
beads of from 1 to 2 mm in diameter. Now 

30 the use of granules such as ream beads has 
several disadvantages. First, it is difficult to 
ensure that they are initially distributed evenly 
within a compartment and that the several 
compartments through which the liquid to be 

35 treated usually flows in parallel streams are 
evenly packed If one cmn3iPrtrt ||> ^pt contains 
more granules than another, the streams flow- 
ing through them will differ. Next it is 
difficult to keep the granules in place in a 

40 compartment. At the best the packed mass of 

rinks becomes displaced by the liquid, with 
result that channelling with its attendant 
drawbacks occurs. It may even happen that 
some of the granules are swept out of the 
45 compartment to lodge in and dog the passage 
through which the liquid .flows after leaving 
the c omp art mem* 

Again, the assembly of a cell containing 
granules is very tedious and it Is difficult to 
50 prevent the granules from lodging between 
the surfaces which should mate to seal each 
compartment from the next. Further, where 
the packed mass of granules touches the mem- 
brane faces the geometry of the mass is 
55 different from that in the remainder of the. 
mass, and more Hqtrid tends to flow atangthe 
walls than dirough the bulk of the mass. This 
uneven how Is undesirable. Finally, if the 
compartments are packed with grannies the 
€0 total resistance to the flow of the liquid is 
increased and the cost of pumping the liquid 
through the cell is high. 



According to this invention we put gn ion- 
exchange material into a cell in rue form of 
pieces having at least one dimension, and pre- 
ferably two dimensions, distinctly larger than 
the usual beads. We are able to use fewer 
pieces, and in the preferred forms far fewer 
pieces, than the number of granules requited 
hitherto in a compartment. In fact at least 
it is possible by means of the invention to 
avoid aQ the disadvantages described above. 

The pieces may all have ion-exchange pro- 
perties of only one kind, but if it la desired 
to have both cation-exchange and 
exchange Tntfff> H g 1 in a single compartment, 
pieces of both kinds of mafpn'al may be put 
in the compartment or the pieces used may 
contain both cation-exchange gml 
exchange groups. 
The pieces of ion-exchange material used 
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to this invention may be elongated 
in one dimension, Le. be of a generally tod 
like form, or in two dimensions, Le. m the 
form of sheet Usually one or more major 
dimensions in each piece Is or arc substan- 
tially greater than a minor Himgnyi^ r B ac h 
major dimension is preferably greater than 
the thickness of the compartment to be fiwpflj 
and in general the pieces w31 have at least 
one major dimension of at least haK an ftieh. 
The pieces may themselves be composite, 
being composed for example of short lengths of 
extruded rod joined together. Again, a com- 
posite piece may consist of granules lightly 
cemented together, &g. into a sheer, so as 
to be liquid-permeable, A cutting may be 
made from a composite sheet and used as a 
piece. 

Advantageously pieces of ion-exchange 
material may be sheets of a size sufficient to 
cover the whole of a membrane free within 
a compartment. These sheets may be flat, 
corrugated, or embossed with a pattern; they 
may be of gauze or woven fabric, or they 
may be formed of cemented granular material 
as me ntioned above. Alternatively the sheets 
may be smaller than the compartment, tor 
example they may be pieces cut from larger 
sheets. Such cut nieces may be of any shape, 
either regular or irregular. 

hi order to allow liquid to flow through 
a compartment the piece must not completely 
fill the compartment Various arrangements 
can be used to give the required flow. For 
example, the pieces may be corrugated sheet 
with the corrugations parallel to the direction; 
of flow or may be sheet corrugated and per' 
forated with the conngations lying at any angle 
or be flat sheets perforated in such a way that 
the perforations in one sheet are staggered 
relative to those in the next sheet 

Pieces of gauze or woven farMc used accord- 
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ing to the invendon may be made, for eigrmpfe, 
by chemically treating cotton fabric or gauze 
to introduce ion-exchange groups. The pro- 
ducts are natnrally perforated and it is snffi- 
S dent to lay these one on top of the other 
Tpirfi the compartment is full. If the weave 
is very dose, it may be necessary to make 
perforations in a fab ric. 

Again, die pieces may be bandies of ion* 
10 exchange material in fibre or rod form. These 
can be packed in parallel bundles with their 
axes parallel to the direction of flow. The 
rods or fibres may be of a length equal to 
that of the compartment or be shorter. 
15 Yet again, the pieces may be sheers or parts 
of sheets embossed so as to form t^raMrods 
joked to one another by thinner webs. 

The dimensions of a. typical compartment 
in a xmatt cell may be 12mche3Xl2inchesX 

20 50 thousandths of an inch. Examples of pieces 
in such a compartment will now be given. 
For instance, such a compartment may con tain 
no more than two pieces if these are perforated 
sheets each 12 inches square and 25 thou- 

23 sandths of an inch dries; such sheets may 
both be perforated with holes, say, i" dia- 
meter in a dose regular partem but offset 
from one another in the two sheets. One 



such niece may hare cation-eschange properties 
utiff t^tft other it| ^jiT^-^w-fintig t* properties* 

Again pieces in the form of discs cut from 
a large sheet may be $ inch in diameter and 
25 ffa^rcft^^thft of an inch thick, and may be 
arranged either so that the one layer is all 
of the one type and the ofher layer all of 
the other type or each type may appear in 
both layers. 

When fabric or gauze is used it mar be, 
say, 5 thousandths of an inch thick, layers 
being laid one cm top of the other fit fill 
the ccanpartrnenr. The layers may alternate in 
their ior>ezchange properties. 

If bundles of rods are used they may be 
12 inches long to fill a 12 inch compartment, 
or they may be shorter and laid end to end 
to make up the length of the compartment. 
They should be arranged so that the hquid 
flow is along their length. 

Again, rods each, say, 50 thousandths of an 
inch in diameter may be laid in a stogie 
layer to occupy the whole thickness of the 
compartment, and may be alternately cation*- 
selective and anicoKeiective, 

For the Applicants: 
(ITTT^ JENNINGS & EVERY, 
Chartered Patent Agents, 

51—52, Chancery Lane, London, W.C2. 
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